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Abstract 
The effect of combinations of advanced amine solvents, processes and packing was evaluated at a 20 t-CO2/d pilot plant. The 
absorption performance of the advanced packing in the absorber improved significantly. However, the improvement rate of the 
performance was different depending on solvents and operating conditions. Compared to the conventional process, the latent heat 
loss with the advanced process was reduced by half. 
We have achieved regeneration energy of 2.5-2.6 GJ/t-CO2. Further reduction of the regeneration energy can be expected 
through full replacement to the advanced packing and the selection of solvents suited for high absorption performance packing.  
 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of GHGT. 
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1. Introduction 
It is generally known that coal is widely utilized as a fossil fuel for power plants because it is plentiful, 
inexpensive and easy to obtain. However, it generates more CO2 per unit calorific value than other fossil fuels. CO2 
emissions are considered as the most significant factor to induce the greenhouse effect. Therefore, how to effectively 
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and economically reduce CO2 emissions, especially from power plants, has become a global topic in recent decades. 
CCS technology is expected to be one of the effective solutions.  
There are several CCS technologies, such as Pre-combustion capture, oxy-fuel combustion, and Post-Combustion 
Capture (PCC). PCC technology is one of the potential CO2 capture technologies to be used in order to reduce CO2 
emissions of large-scale power plants. However, it needs huge energy consumption to desorb CO2 from solvents in 
the stripper.  
IHI has been investigating advanced solvents, processes and packing of PCC in order to reduce energy 
consumption. Although there have been lots of studies focusing on modifying the characteristics of amine solvents to 
reduce energy consumption, research on amine solvents often fails to understand the effect of combinations of 
solvents, processes and packing.  
The energy consumption in the stripper, the regeneration energy, mainly consists of the following three 
components: the reaction heat of the CO2 desorption, the sensible heat of amine solvents, and the latent heat of the 
vapor from the stripper top [1]. In addition, it has been shown that a trade-off occurs between the reaction heat and 
the CO2 absorption rate [2]. Solvents with a low reaction heat usually also have a low CO2 absorption rate. We are 
able to use solvents with a low reaction heat if we use novel packing that has high absorption performance. 
Modifying solvent characteristics is hard to adequately decrease the latter two types of heat components. It is 
needed to optimize the processes and packing to effectively decrease the sensible heat of amine solvents and the 
latent heat of the vapor in order to decrease total energy consumption.  
In this study, we evaluated the effect at a 20 t-CO2/d pilot plant located at IHI's Aioi Works in Japan (Aioi pilot 
plant). 
2. IHI advanced technologies 
Figure 1 shows the flow diagram of the PCC process with IHI advanced technologies. IHI has been developing 
advanced structured packing in the absorber. In general, amine solvents with a low absorption rate and high 
desorption rate, for example MDEA, have a low reaction heat. But this type of solvents is unsuitable for 
conventional PCC plants because it is hard to capture 90% of CO2 at low CO2 partial pressures due to their low 
absorption rate. However, we can apply this type of amine solvents with our developed high performance packing to 
satisfy the requirement of the CO2 capture ratio. For optimizing the structured packing element, our advanced design 
of the wall surface texture treatments and packing system was developed. Our packing element has high absorption 
performance and low gas pressure loss.  
We have also been developing an advanced process. To reduce the latent heat of the vapor from the stripper top, it 
is necessary to decrease the temperature of the stripper top. However, the temperature of the inlet of rich amine, 
which flow into the stripper top, is high in the conventional process of PCC. On the other hand, the advanced process 
is designed to reduce the temperature significantly. Therefore, the latent heat loss of the advanced process is much 
lower than that of the conventional process. 
3. Pilot plant tests 
3.1. Aioi pilot plant 
The Aioi pilot plant is designed to remove 20 t/d of CO2. The conventional/IHI developed process can be changed 
by valve switching. The overview of the plant is shown in Figure 2.  
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Figure 1. Flow Diagram of PCC process with IHI advanced technologies 
 
 
Figure 2. Pilot Plant and Specifications 
Outlet Flue Gas
Reboiler
Condenser
Steam
Cooler
Inlet Flue Gas
CO2
Lean Amine
Rich Amine
Semi-Lean
Amine
Semi-Rich 
Amine
Process
Improvements
Rich Amine
Lean Amine
Absorber
Stripper
Advanced
Solvent
Advanced
Process
High efficiency heat recovery
Low reaction heat
High absorption performance
Advanced
Packing
System
Absorber
Stripper
Pre-Treatment
Tower
Source Gas 
Flue Gas of Coal-Fired Boiler 
 or PG Boiler 
Captured CO2 20 ton-CO2/d 
CO2 Capture Ratio 90% 
Flue Gas Flow Rate MAX 4000 m3N/h-wet 
CO2 Concentration 14-15%-dry 
Solvent Flow Rate MAX 24 m3/h 
Steam Flow Rate MAX 2500 kg/h 
Packing Height of 
Absorption Section 5/10/15 m 
Diameter of Absorber  0.85 m 
Superficial Gas Velocity 
of Absorber Bottom 2 m/s 
690   Shiko Nakamura et al. /  Energy Procedia  63 ( 2014 )  687 – 692 
3.2. Test results of advanced packing 
Compared to the conventional structured packing (250 m2/m3), the absorption performance of the advanced 
packing in the absorber improved significantly. However, the improvement rate of the performance was different 
depending on solvents and operation conditions. 
Figure 3 shows the test results of advanced packing. The CO2 capture capacity was 20 ton-CO2/d and the capture 
ratio was 90%. The regeneration energy is included in heat loss. The whole gas pressure drop of 10 m of the 
conventional packing is included in the pressure drop of the liquid collector between two packing sections, which is 
about 0.3 kPa.  
The energy with ISLO131 was almost the same between 10 m of the conventional packing and 5 m of the 
advanced one. In other words, the advanced packing has approximately twice the absorption performance on 
ISOL131 compared to the conventional one. On the other hand, the absorption performance of the advanced one was 
less than twice the conventional one with regard to ISOL161.  
The whole gas pressure drop of 5 m of the advanced one decreases by 50% or more, compared to 10 m of the 
conventional one. As for the pressure drop of the conventional one, there is no difference between the two solvents. 
As for the pressure drop of the advanced packing, however, there is some difference. Moreover, both the absorption 
performance and the pressure drop of ISOL161 were lower than those of ISOL131. These results suggest that there 
is some ISOL161 drift on the advanced packing, and there is still room for improvement in this packing. 
 
 
Figure 3. Test Results of Advanced Packing on Regeneration Energy (left) and Whole Pressure Drop (right) 
3.3. Tests results of advanced process 
Compared to the conventional process, the latent heat with the advanced process was reduced by half. However, 
the amount of total energy reduction was different depending on solvents. 
Figure 4 shows the test results of the advanced process with the advanced packing and the conventional one, the 
height of which is 5 m and 10 m, respectively. The CO2 capture capacity was 20 ton-CO2/d and the capture ratio was 
90%. The regeneration energy is included in heat loss.  
ISOL131 has high absorption rates while ISOL161 has high desorption rates. As for the conventional process, the 
regeneration energies of ISOL131 and ISOL161 were almost the same. As for the advanced process, however, the 
energy of ISOL131 was higher than that of ISOL161. The latent heat loss of ISOL131 was not able to be reduced 
with the conditions of low liquid flow rate. These results suggest amine solvents that have high desorption rates are 
considered to be suited for the high efficient process because they are able to effectively reduce the latent heat with a 
low solvent flow rate. 
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We have achieved the regeneration energy of 2.5-2.6 GJ/t-CO2 with ISOL161. Further reduction of the 
regeneration energy can be expected by total replacement to the advanced packing and selection of solvents suited 
for high absorption performance packing. We have continued to improve our technologies to reduce the energy and 
cost.  
 
Figure 4. Test Results of Advanced Process 
We evaluated the stability of operation. Figure 5 shows the test results. The CO2 capture capacity was 20 ton-
CO2/d. We confirmed that there was not much difference between conventional technologies and our advanced 
technologies with regard to the stability and time of start-up and shutdown. 
 
Figure 5. Test Results of Stability of Operation 
4. Conclusions 
IHI has been researching Post-Combustion Capture technology, which has higher flexibility regarding customer 
needs and regulations. We have been investigating advanced solvents, processes and packing of Post-Combustion 
Capture (PCC) for coal-fired power plants in order to reduce the consumption energy and the CO2 capture cost. We 
evaluated the effect of combinations of these advanced technologies at a 20 t-CO2/d pilot plant located at IHI's Aioi 
Works in Japan, and obtained the following results: 
- Compared to the conventional packing (250 m2/m3), the absorption performance of the advanced packing in the 
absorber improved significantly. However, the improvement rate of the absorption performance was different 
depending on solvents and operating conditions. 
- Compared to the conventional process, the latent heat loss with the advanced process was reduced by half. 
However, the amount of total energy reduction was different depending on solvents. 
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We have achieved regeneration energy of 2.5-2.6 GJ/t-CO2 with the advanced packing as well as the conventional 
one, the heights of which are 5 m and 10 m, respectively. Further reduction of the regeneration energy can be 
expected by full replacement to the advanced packing and the selection of solvents suited for high absorption 
performance packing. We have continued to improve our technologies to reduce the energy and cost. 
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